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People aged > 80 years are among the fastest growing segments of most Western societies. With
improved lifestyles and medical care, complex surgical interventions will be increasingly offered to
elderly patients. Questions will arise about the value of performing major surgery in patients near their
postulated end of life. Here, we describe a near-full neurological recovery from a profound neurological
deﬁcit that occurred as a result of a spinal fracture after a fall. To our knowledge, this is the ﬁrst report of
neurological recovery at such an advanced age.
Copyright © 2015, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
People aged > 80 years are among the fastest growing segments
of most Western societies. With improved lifestyles and medical
care, complex surgical interventions will be increasingly offered to
elderly patients. Questions will arise about the value of performing
major surgery in patients near their postulated end of life.2. Case Report
The patient is a 92-year-old fairly independent female with
coronary artery disease, diabetes mellitus, osteoporosis, and cer-
vicothoracic kyphosis, who became acutely, densely paraparetic
after a fall. She complained of severe upper thoracic pain, and
became incontinent of bowel and bladder. Her visual analog score
(measure of pain: 1 ¼ low, 10 ¼ high) ranged from 5 to 7 despite
intravenous and oral narcotics. An examination displayed that her
lower-extremity motor strength was 2/5 (3/5 is antigravity ac-
cording to the Medical Research Council scale) in hip ﬂexors, 2þ in
knee extensors, 1þ in dorsiﬂexion, and 2þ in plantar ﬂexion. Sen-
sations were diminished below thoracic (T) 5 level. Plantar reﬂexesery, Wayne State University
roit, MI 48201, USA.
.
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d/4.0/).were equivocal. Her American Spinal Injury Association1 score was
B. The magnetic resonance imaging of the thoracic spine revealed a
T5 burst fracture with posterior retropulsion into the canal, causing
spinal-cord compression (Figure 1). Neurosurgery was consulted at
this time once imaging was obtained 3 days after admission.
Early surgical decompression and stabilization of the spine were
discussed with the patient and her family. Despite no guarantee of
the return of function, and the signiﬁcant perioperative risks due to
her advanced age and medical comorbidities, the patient was
adamant that she would not want to remain in her current condi-
tion and accepted the risks of surgery. The patient was on aspirin
and Plavix that were stopped after admission.
The procedure was performed 6 days after stopping aspirin and
clopidogrel to give time for platelet function to recover and reduce
the risk of bleeding. Surgery entailed minimally invasive lateral
extracavitary T5 corpectomy and spinal-cord decompression, with
acrylic anterior-column reconstruction and T3eT7 posterolateral
instrumented fusion (Figure 2). Paramedian fascial incisions and
unilateral exposure of the rib was carried out. Excision of the rib
and transverse process was followed by exposure of the fractured
T5 vertebra. The screws were inserted after injection of the pilot
holes with acrylic to strengthen the boneescrew interface. The
length of surgery was 5 hours and 54 minutes, and the estimated
blood loss was 870 cc.
The immediate postoperative course was complicated by heart
failure that resolved medically. She was transferred to alished by Elsevier Taiwan LLC. This is an open access article under the CC BY-NC-ND
Figure 1. Axial T2 images: (A) at level T4 and (B) at level T5 with arrow pointing to retropulsed fragment. (C) Thoracic spine magnetic resonance imaging T2 sagittal sequence
shows wedge fracture of the T5 vertebral body with retropulsed fragment causing spinal-cord compression. T ¼ thoracic.
Figure 2. Intraoperative X-ray showing the instrumentation and T5 vertebral recon-
struction with cement after corpectomy. T ¼ thoracic.
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neurological improvement, regaining lower-extremity motor
strength to 4/5, and controlling her bowel and bladder. At 12
months after injury, she was able to walk freely with a walker,
mainly to avoid further falls, and has no pain. Her postoperative
American Spinal Injury Association score was D using a visual
analog score of 2. At 24 months, she was healed as evidenced by
stable neurological function, absence of pain, and stable construct
on chest X-ray.3. Discussion
There is a general reluctance to offer extensive surgical mea-
sures at the extreme end of life, especially in the past2; this also
applies to the clinical setting of a traumatic spinal-cord injury.
Neurosurgical procedures according to one study carriedmore than
three times the 30-day mortality for those aged > 80 years
compared with those aged < 80 years.2 Adding to this reluctance to
perform spinal surgery, in particular after a severe deﬁcit, is the
general perception that spinal-cord injuries (especially in the
elderly) are irreversible, and proposing surgical treatment is futile.
According to one study, knowledge of spinal-cord injury among
primary-care physicians is limited, owing to low case volumes.3
Thus, misconceptions can arise. In an environment of escalating
health costs, focus on cost containment has been directed to the last
year of life, where almost 25% of all expenses are typically
incurred.4 The case we present provides clinical evidence of the
possibility of neurological recovery from severe spinal-cord
dysfunction in a patient aged > 90 years of age. The main factors
that led to this outcome in our patient are: (1) a high preinjuryperformance; (2) absence of dementia; and (3) timely, relatively
uncomplicated, operative intervention.
Spinal-cord injury is devastating due to loss of ambulation and
independence. Mortality after a spinal fracture is increased in pa-
tients,5,6 especially if associated with neurological injury.7
Furthermore, elderly patients aged > 65 years with cervical spinal
injury and neurological deﬁcits have been seen with signiﬁcantly
higher mortality rates when treated nonoperatively.8
Among patients who survived their initial injury, older age was
not found to signiﬁcantly alter the motor or sensorimotor recov-
ery,9 or impact the spinal-cord histological tissue changes in post-
mortem examination of spinal-cord-injury patients.10 It is well
known that timely surgical stabilization of fracture in the elderly
reduces morbidity and mortality; this is best documented in the
orthopedic literature of neck fracture or of the femur.11 However,
perioperative mortality is signiﬁcantly increased in those patients
with hip fracture aged > 85 years of age.12 Type II odontoid-fracture
operative ﬁxation in the elderly has a hazard ratio of 0.4, 0.8, and 1.9
for ages 65e74 years, 75e84 years, and > 85 years, respectively.13
Similarly, a large study (n ¼ 34,000; mean age, 71 years) exam-
ining lumbar-spine surgery in Medicare beneﬁciaries revealed that
mortality did not signiﬁcantly increase until 80e85 years of age,
and this increase was associated with decompression and excision
procedures, age (in males), and the number of medical comorbid-
ities.14 One, two, and three comorbidities had a relative risk,
compared with zero comorbidities, of 1.79, 4.69, and 10.49,
respectively. Therefore, the presence of multiple comorbidities
could be more signiﬁcant than age.
Upon questioning those aged 75 years, studies found that 32%
had fallen in the previous year with 24% of those falls resulting in a
serious injury.15 Other studies have shown falls resulting in an
injurymay be as high as 59%.16 Most osteoporotic spinal fractures in
the elderly are stable, and are not associated with neurological
deﬁcit or require extensive surgery. However, the incidence of more
serious, unstable fractures with spinal-cord compression and injury
in patients aged > 85 years will likely increase as more baby
boomers enter this age group. The management of those injuries as
sustained by our 92-year-old patient poses challenging medical
questions, and will require decisionmaking that considers the need
for more extensive surgical decompression and stabilization.
To date, there is limited evidence available regarding when to
offer surgery and to what extent; most of the available evidence
does not include patients aged  80 years. While spinal-cord
decompression is generally recommended when an injury results
in a compressive bone or disk fragment, the possibility and extent
of neurological recovery are unclear when looking at individuals
aged > 80 years. Interestingly, several studies have hinted that the
elderly may beneﬁt from surgical intervention17,18; in addition, a
higher level of preoperative function and health has been associ-
ated with better postoperative outcomes in the elderly.19 These
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consideration of operative intervention in high-functioning elderly
individuals.
Early decompression appears to provide a signiﬁcant chance for
improvement than other treatments; a recent meta-analysis found
improvement levels in patients to be 89.7% higher when treated
with early decompression. However, the collection of studies
(Classes II, III evidence), as well as other limiting factors, led the
analysis only being able to recommend early decompression as a
practice option.20 In terms of cost alone, spine fusion totals, on
average, approximately 34,000 USD plus professional fees.21
However, the 2-year comprehensive cost of caring for 36 Frankel
A, B, and C patients was 7.6 million USD.22 (Frankel A is complete
injury, and Frankel C is some preserved motor function below the
injury, but it is of no use to the patient.)
When feasible, the operation should be conducted by a surgeon
experienced in the complexities of spinal procedures in the elderly.
Recent advances in surgery and neuro-anesthesia have made pos-
itive outcomes possible, even at the extremities of life.23 Minimally
invasive surgery techniques offer reduced blood loss and tissue
disruption, even in complex scoliosis cases.24 Furthermore, reports
of MIS in the elderly have shown low complication rates.18
In conclusion, this report identiﬁes an elderly patient with
multiple comorbidities who underwent an acute decompression
and fusion with near-full neurological recovery from a spinal-cord
injury. Whether or not this patient will be representative of most
elderly patients remains to be determined; however, it does sug-
gest that acute intervention should be an available option, even in
advanced age with the caveat that increasing the comorbidities
increases the surgical risk. As always, risk, beneﬁts, and expecta-
tions after surgery should be addressed prior to surgery.Conﬂicts of interest
All contributing authors declare no conﬂicts of interest.References
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